The aim of this study was to determine if there was a correlation between respiratory syncytial virus (RSV) and metapneumovirus (MPV) genotypes and clinical data of Brazilian infants hospitalized for acute lower respiratory infection. The viruses in the patients' nasopharyngeal secretions were studied using the polymerase chain reaction and phylogenetic analysis. The study assessed 144 infants; 31.9% were RSV positive and 5.6% were MPV positive. Statistical analysis was performed using the chi-squared test, Fisher's test, Odds ratio, univariate logistic regression, non-conditional multivariate logistic regression and the forward -stepwise method. Multivariate analysis confirmed a significant relationship between a positive PCR test for RSV and hospitalization during the month of May and with pulse oximetry less than 90%. The phylogenetic analysis indicated the genotypes GA2, GA5, SAA1 (Group A), SAB1, SAB3 and BA (Group B) for RSV and Group B, subgroup B1, for MPV.
Worldwide, acute viral respiratory infections are the most common disorder in infants, leading to a large number of hospitalizations every year [1] . It is known that 10% of all acute respiratory infections in this age group affect the lower airways [2] . The clinical evolution and presentation of these patients vary, but in more severe cases, such as respiratory failure, they are related to bronchiolitis and pneumonia. In spite of the low general mortality rate, infants with cardiac disease or infants born prematurely or with bronchopulmonary dysplasia are at increased risk of severe RSV disease [3] . In acute lower respiratory infections (ALRI), predominance of respiratory syncytial virus (RSV) and metapneumovirus (MPV) is observed in Brazil [4] and in other countries [5] [6] [7] . Besides using the immunofluorescence and culture methods for the etiological diagnosis of these infections, the polymerase chain reaction (PCR) is the most widely used test; it gives high sensitivity and specificity. Based on the PCR method, a molecular and phylogenetic analysis of the isolated virus can be performed, permitting classification into groups and subgroups. Several authors, from Brazil to China [4, 6, 7, 8] , have performed these analyses, providing information on the worldwide circulation of RSV and MPV subgroups.
From a clinical viewpoint, viral etiology detection has advantages, such as identifying patients at risk, establishing contact isolation to prevent nosocomial infections and improved patient follow-up after discharge. Studies have demonstrated wheezing after the initial viral infection in many patients, even when they are not characterized as atopic [9] [10] [11] .
Several authors have tried to enumerate the clinical symptoms and epidemiological determinants of disease severity in patients with respiratory viral infections [12, 13] . However, consistent clinical or epidemiological data indicating etiological diagnosis or poor prognosis are still not available [4, 14] .
This study aims to identify respiratory syncytial virus (RSV) and metapneumovirus (MPV) in Brazilian infants hospitalized for acute lower respiratory infection and correlation of clinical data with viral genotypes, using the polymerase chain reaction and phylogenetic analysis.
Material and Methods
This was a prospective cohort study conducted in two university hospitals in Campinas, Sao Paulo, Brazil. Individuals responsible for the patients signed a term of informed consent. The study population consisted of infants aged 0 to 12 months, hospitalized from April 1 to September 30, 2004 , with a diagnosis of acute lower respiratory infection (ALRI), due to clinical symptoms such as tachydyspnea, altered breath sounds and pulse oximetry less than 95% in the surrounding air. The study excluded children who had a respiratory disease for more than seven days and those with hemodynamic instability, cardiac disease or chronic lung diseases.
The general data considered were: age in months, date of hospital admission and gender. The physical examination conducted on admission to the hospital checked heart and respiratory rates as well as atmospheric oxygen saturation and classified these data as normal or altered, according to the criteria set by the American College of Emergency Physicians and the American Academy of Pediatrics [15] . Mechanical ventilation need and duration was determined during hospitalization.
Nasopharyngeal secretions were collected during the first 24 hours after admission to the hospital by washing the nostrils with saline solution. The material collected was sent for analysis to the Laboratory of Animal Virology, Institute of Biology, State University of Campinas, UNICAMP.
Virus Isolation All nasopharyngeal aspirates were inoculated in HEp-2 cell cultures for virus isolation. The specimens were inoculated in duplicate into preformed cell monolayers. Successive passages were conducted, always using Dulbecco's modified Eagle's medium supplemented with 2% fetal bovine serum (FBS) for dilution of the samples and maintenance of the cells. Typical cytopathic effects (CPE) were observed daily until seven days post-inoculation. Cultures that did not show CPE seven days post-infection were further submitted to at least six blind passages.
RNA Extraction and Viral Nucleic Acid Amplification
RNA was extracted from infected HEp-2 cultures using High Pure Viral Nucleic extraction kit™ (Roche Diagnostics™, Manheim, Germany). cDNA was synthesized using High Capacity cDNA kit (Applied Biosystems™, Foster City, USA). Both procedures were performed according to the manufacturer's instructions. All samples were investigated for RSV using amplification of specific genome fragments of the G protein gene [16, 17] , corresponding to bases 151-173 of the gene G protein [18] [19] [20] [21] and for MPV using amplification of specific genome fragments of the F gene [21, 22] .
Sequencing and Phylogenetic Analysis PCR products were sequenced three times each, both in forward and reverse directions, using the ABI PRISM Big Dye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems™, Foster City, USA). BioEdit software, version 7.0.5.2 [23] , was used to manipulate the retrieved nucleotide and amino acid sequences. The sequence alignments were performed using the Clustal W software, version 1.83 [24] , using full alignment and 2000 bootstrap replications in order to ensure a high level of confidence in our analysis [24] . Phylogenetic analyses were performed using neighbor-joining as implemented in the MEGA version 4 software package [25] , based on the Kimura two-parameter distance estimation method. Bootstrap re-sampling was performed for each analysis (500 replications). Reference nucleotides sequences were retrieved from the GenBank database [26] . The RSV and MPV nucleotide sequences that were obtained were submitted to GenBank.
The statistical analysis examined the relationship between the variables using the chi-square test, Fisher's exact test and, whenever required, the Odds Ratio and respective confidence interval. Univariate logistic regression was applied to obtain the total value of the Odds Ratio. The non-conditional multivariate logistic regression, the stepwise forward method with inclusion and the exclusion probability p ≤ 0.20 and p>0.05, respectively, were applied to determine adjusted Odds Ratio values.
Results
We evaluated 144 infants; 59.7% were males, the mean age was four months and most of the cases occurred during the month of May (29.9%). The viral research results, based on the PCR method, were negative in 90 patients (62.5%), positive for RSV in 46 patients (31.9%) and for MPV in eight patients (5.6%). Regarding genotypes, 13/46 (28.3%) belonged to Group A and 7/46 (15.2%) belonged to Group B. In 26/46 RSV positive patients, it was not possible to determine the group and subgroup. The presence of the following genotypes was verified: GA2, GA5, SAA1 (Group A), SAB1, SAB3 and BA (Group B). In the study of the 144 patients, HMPV (Group B, subgroup B1) was found in eight patients. Co-infection was not observed in any of the positive patients (Table 1) .
Pneumonia and bronchiolitis were found in the RSV/MPV negative, RSV positive and MPV positive groups. The distribution of radiological characteristics was similar in the three groups (Table 2) .
In the univariate analysis, the association between the dependent variable (PCR+/PCR-) and the independent variables was evaluated by chi-square or Fisher's exact tests. The Odds Ratio values and the 95% confidence intervals (95% CI) were determined by univariate logistic regression. The data was processed with SPSS 7 (SPSS Inc., Table 3 ). In the multivariate analysis, we selected the variables with p ≤ 0.25 in the univariate the analysis: month of admission (p=0.005), cardiac frequency (p=0.031) and pulse oximetry (p=0.019). The final results were major risk for infants admitted to the hospital in the months of April (adjusted OR=5. 13 Unfortunately, the small number of samples with complete genotype analysis did allow a correlation between genotypes and clinical aspects. Preliminary descriptive data can be seen in Table 4 .
Discussion
Assessment of the cohort revealed that the proportion of patients positive for RSV and MPV was similar to that of previously-published Brazilian studies. In these studies, this virus was present in 17.4 -48% for RSV [27, 28] and MPV in 6.4 -17.8% of the patients [4, 29] .
Predominance of males less than six months and virus circulation is known to occur in autumn-winter seasons [30] . Pulse oximetry less than 90% was predominant in our RSV group, but no significant differences were observed in hospitalization length of time or need for mechanical ventilation (MV). The number of patients who required MV in this cohort study was similar to reports in the literature [31] , being always less than 20% of the study population.
In the phylogenetic analysis, the placement of subgroup A of the RSV group was similar to what has been described from other countries over the last few years [30] , in which the predominant subtypes were also GA2 and GA5. Concerning the other subgroups, subgroup BA is found globally, being reported in Japan [32] , Kenya [33] , Belgium [34] and the United States [35] ; while subgroup SAB1 has been reported in Kenya and the United States and SAA1 and SAB3 was reported in South Africa [36] . Subgroup SAB3 is reported to be under study in Salvador, Brazil [37] . Regarding MPV, subgroup B1 found in this study sample had previously been reported in Australia [38] and South Africa [39] . Detailed data about phylogenetic aspects of this cohort can be seen in recent specific publications [40, 41] .
Our purpose was to do correlate viral genotypes and clinical data. However, technical difficulties inherent to the process did not permit the identification of all positive PCR cases and correlation with clinical data. Future studies with a larger number of patients will be necessary to determine if there is a correlation between viral respiratory genotypes and clinical aspects in infants with acute lower respiratory disease.
Conclusions
The absence of epidemiological and clinical markers for RSV and MPV acquisition in infants reinforces the need for viral identification in studies on acute respiratory infections. Hypoxemia as an RSV/MPV infection marker is a warning sign of a serious clinical condition. PCR and viral genotype methods continue to be fundamental diagnostic tools for accumulating knowledge on the circulation of RSV and MPV in infant populations. This is the first Brazilian study attempt to correlate clinical characteristics and RSV/MPV genotypes. Further studies with a larger number of cases are required to improve knowledge on this subject, particularly involving several viral genotypes. 
